Critical care provision in the UK is evolving, driven by increased patient expectations, increased resource, restructuring of trusts and changes to the way health care is funded. Part of this recent change is reflected in an increase in demand for level 2 beds. The John Radcliffe Hospital in Oxfordshire is a teaching hospital with over 700 inpatient beds and several onsite specialised critical care units, but no dedicated level 2 unit. Level 2 care for general medical patients is provided in the 16-bed adult intensive care unit (ICU). We performed a prospective study to allow for planning of a level 2 medical unit, by collecting data on candidates for level 2 care over a 57-day period. We identified 157 medical patients who required a total of 222 bed-days. We calculated that a six-bedded unit would run at full capacity for 88% of the time. This study could be performed in any hospital that needs level 2 care facilities, and could be modified to include surgical patients.
Introduction
In 1999, 1 in 'Critical to Success,' the Audit Commission reported that only 45% of trusts in the UK had a dedicated high dependency unit (HDU). In January 2000, the total number of adult critical care beds in England was 2,363. In 2000/2001 the Department of Health (DH) allocated an additional £145m for the development of critical care services, most of which was used to expand the number of level 2 beds. By January 2008, the number of adult critical care beds was 3,473, the expansion coming mostly from an increase in level 2 capacity (from 847 to 1,529 beds).
The John Radcliffe Hospital was opened in the 1970s and is Oxfordshire' s main acute hospital site. It has over 700 inpatient beds, including the general medical unit, which consists of six inpatient wards, a medical admissions unit (MAU) with 18 beds, and a medical short stay unit (MSS) with 40 beds. Critical care is currently provided on the adult ICU, the neurological ICU, the paediatric ICU, the cardiothoracic critical care unit, the neonatal ICU, the special care baby unit and by a dedicated outreach team operating in conjunction with the adult ICU. Renal replacement therapy outside of the critical care units is currently provided on the renal unit at the Churchill Hospital, two miles away.
Level 2 care for general medical patients is currently provided in the 16 bed adult ICU. We performed a study to allow planning for a level 2 unit for medical patients. Data was collected prospectively on 57 consecutive days on the number of patients requiring level 2 care, the length of time level 2 care was needed (expressed as time on the unit), and type of patient (case-mix).
Methods
During the period from 21 November 2006 to 16 January 2007, a review of every medical inpatient' s notes was performed twice a day (57 consecutive days, including weekends and bank holidays). In addition to all new patients seen on the twice daily post-take medical ward round, all medical wards including the MSS and the MAU, were included. Suitable candidates for level 2 care were identified by reading the medical notes (including test results) and by discussion with the nursing staff looking after the patients. Daily records of patients requiring level 2 care were compiled, including: • age • gender • length of stay on the 'unit' (ie length of time the patient required level 2 care; once the patient no longer met level 2 criteria, they were 'discharged' from the unit, despite still needing level 0 or level 1 care) • diagnosis requiring admission to the unit • brief clinical summary
The nurse in charge of each ward was also asked to identify potential level 2 candidates, based on clinical judgement of illness severity or the amount of nursing resource required to care for the patient. The rounds started on the MAU, and were timed to coincide with the start of the twice-daily post-take medical ward rounds, allowing the admitting team to also identify potential candidates.
Candidates for level 2 care were identified according to a set of admission criteria (Table 1) that were designed by two of the adult ICU consultants who regularly participate as physicians in the medical take and help supervise the critical care outreach service. They were based on the 2000 Department of Health (DH) publication 'Comprehensive Critical Care, 2 in which the distinction between intensive and high dependency care beds was replaced by a classification that focused on the level of care required by each patient ( Table 2 ). Level 2 care was defined as:
Audits
'patients requiring more detailed observation or intervention, including support for a single failing organ system, or post-operative care, and those 'stepping down' from higher levels of care.'
The criteria were designed to allow reliable and reproducible identification of medical patients requiring level 2 care.
The data was collected by a team of four doctors, one postmembership senior house officer (SHO) and three foundation year one doctors, all working in the department of medicine, who were familiarised with the admission criteria at the start of the exercise. The data collection period was divided into four equal parts, with each doctor gathering data over a continuous period; continuity was maintained by a comprehensive handover. The doctors recording the data were instructed to have a low threshold for recording potential candidates for level 2 care, allowing the final decision for patient suitability to be made by the SHO, based on the recorded clinical summary and a clinical review of the patient if needed.
Results
Over the 57-day study period, there were 1,391 new medical admissions to the hospital. With the medical inpatients and the new admissions combined, there were 126 patients identified as requiring level 2 care, for a total of 222 bed-days. This extrapolates to 807 patients a year, requiring a total of 1,422 bed-days. Figure 1 shows the case-mix of patients identified as needing care on a level 2 unit. Of the 222 bed-days that would have been occupied, the most frequent clinical diagnoses were: lower respiratory tract infection (87 bed-days, 39%), upper gastrointestinal bleed (25; 11%), diabetic keto-acidosis or hyperosmolar non-ketotic coma (21; 9.5%) and other metabolic causes (20; 9%).
Patient case-mix

Unit occupancy
The mean daily unit requirement was for four beds (95% CI 3.3-4.8, SD=2.3) (Figure 2) Level 0 Patients whose needs can be met through normal ward care in acute hospital.
Level 1
Patients at risk of their condition deteriorating, or those recently relocated from higher levels of care, whose needs can be met on an acute ward with additional advice and support from the critical care team.
Level 2
Patients requiring more detailed observation or intervention, including support for a single failing organ system or post-operative care and those 'stepping down' from higher levels of care.
Level 3
Patients requiring advanced respiratory support alone or support of at least two organ systems. This level includes all complex patients requiring support for multi-organ failure. Audits of beds which would be occupied on any one day ranged from 0 (4% of the time) to 10 (2% of the time). Figure 3 shows that the most frequently required number of beds ranged from 1-6.
A six-bedded unit would meet the requirements of the general medical patients on 88% of days. On 12% of occasions however it would be full, and unable to accept a new admission ( Table 3 ).
Length of stay
The length of stay required on the unit ranged from 1-6 days. Figure 4 shows that 55% (69/126) of patients only require 24 hours on the unit, with 27% (34/126) needing two days, and 9.5% (12/126) needing three days. The median length of stay was one day.
Patient outcomes
Four of the 126 patients identified as needing level 2 care required adult ICU admission during the study period. Their clinical course on adult ICU was not followed up.
Discussion
Opening a level 2 care unit requires an initial investment of resources, but over the long-term would bring financial benefits, as well as benefits for patient care, resource management and staff training.
Financial benefits
Historically, hospitals have been paid block sums of money to provide a specified service, with little incentive for providers to increase clinical activity as there was no additional funding. In 2000, the NHS Plan introduced the concept of 'payment by results' which was instigated in 2004. 3 Under payment by results, the money allocated to a hospital is linked to the amount of work it does, fixed by a national tariff. Hospitals will not be paid for unrecorded or badly recorded activity. The financial benefits of a dedicated medical level 2 unit with this system are that critically ill patients cared for in a designated critical care area rather than a ward will attract an appropriate (higher) tariff with improved accuracy in recording of costly treatments. Additionally, grouping of critically ill patients in a dedicated unit would allow for sharing of resources and hence cost savings.
Patient care
There have been many studies showing the clear benefits of a level 2 unit on both patient morbidity and mortality, as patients with critical illness or identified of being at risk of developing a critical illness are diagnosed and treated at an earlier stage of their physiological deterioration. Kause et al 4 collected data on critical care provision and physiological deterioration and the incidence of cardiac arrests on patients in the UK, Australia and New Zealand. They showed a significant reduction in physiological deterioration, ICU admission and death when HDU/ICU bed availability was higher. A dedicated medical level 2 unit would also prevent the mixing of patients with less serious conditions and their relatives with the often very anxious and bereaved relatives of patients on the ICU.
Resource management
A medical level 2 unit would relieve bed pressure on the adult ICU, and allow more capacity for patients requiring level 3
Number of beds required
Percentage of days 
Day
Audits care, as fewer adult ICU beds would be taken up by level 2 patients or level 3 patients stepping down to level 2 care. In 'Critical to Success,' 1 the Audit Commission compared differences in critical care provision between eight hospitals without HDUs and three hospitals with HDUs. It found that in the eight hospitals without HDUs there were patients on the wards needing level 2 care, and patients not needing level 3 care were occupying half of the ICU beds. In the three hospitals with HDUs, most of the identified intensive care need was met. Also, under the payment by results system, it is beneficial for a trust to occupy a level 3 bed with a level 3 patient.
Resources on general medical wards (both staff and equipment) can be easily stretched by the presence of critically ill patients, and throughout the data gathering for this study it became apparent that many of the patients recorded as candidates for the level 2 unit were often receiving intensive nursing care with little evidence of extra staff being deployed. While this may have resulted in those patients receiving better care, it would have been at the expense of other less-dependent patients. The strain on the hospital staff, especially junior doctors and nurses, was apparent. This effect has been previously documented; Coggins 5 studied a cohort of surgical patients, and observed that HDU patients on a general surgical ward needed higher levels of nursing care, and adversely affected the routine care of less demanding patients.
Staff training
A dedicated medical level 2 unit at the John Radcliffe Hospital would provide invaluable exposure to acutely unwell patients for both medical and nursing staff in a training environment. Critically ill patients can be identified by the clinical signs of deterioration in airway, breathing or circulation, but it is widely recognised that these signs may be missed, misinterpreted or mismanaged because of a lack of knowledge or experience. Junior doctors would benefit immensely from a secondment on the unit as part of their medical attachment, as the recent shortening of medical training and earlier selection to specialty training make experience in the management of acutely unwell patients harder to acquire. They would gain exposure to many concepts, illnesses, treatments and management decisions that currently take place on the adult ICU, and would carry these skills over to their speciality training.
Nursing staff throughout the hospital would benefit, as periodical exposure to the unit would enhance their ability to both recognise and manage acutely unwell patients. The skills acquired would then be carried back to their usual work environment, with subsequent improvement of patient care. Additionally, critical care nurses and ward nurses working alongside each other would enable learning about each others' roles.
Thoughtful planning in developing a level 2 care unit is crucial, but calculating the number of beds needed is difficult, as there is no simple formula available. There are both peaks and troughs in the demand for level 2 beds, and 'a balance must be struck between the risk of refusing an admission because the unit is full and the economic benefits of full utilisation of resources.' 1 We found that a six-bed unit would meet the requirements for level 2 care of the general medical patients on 88% of days, leaving it unable to accept a new admission on 12% of occasions.
This study demonstrates a prospective way of planning a level 2 unit for medical patients. It could be used in other trusts to assess unmet need for critical care services, and could be modified to include surgical patients.
The study has several limitations, which should be noted when the data is interpreted. Level 2 care patients on the adult ICU were not included in the study, which could lead to an underestimation of bed requirements. The data was gathered during the winter months, which may have resulted in a bias towards respiratory patients in the case-mix, unrepresentative of the year as a whole. Illness severity can vary over the year, and this needs to be taken into account if the calculated figures are to be extrapolated over a 12 month period. Also, the period of data collection included Christmas and the New Year, a traditionally busy period for acute medical services.
Conclusions
The study demonstrates a prospective method for planning for a level 2 medical unit. It could be applied to other trusts that are lacking dedicated level 2 care facilities, and could be modified to include surgical patients. We calculate that a 
